Background and Significance
Approximately one million new cases of gastric cancer are expected in 2010 worldwide. This disease is the second most frequent cause of cancer deaths [1] . In most countries, the tumors are detected when the invasion of the muscularis propria has taken place and the prognosis is dismal, even after gastrectomy and chemotherapy, with 5-year survival rates around 20% [1] . If the tumors are diagnosed when limited to the mucosa and submucosa, so called ''early'' cancers, the 5-year survival rate is over 90% [2, 3] . In Japan, extensive screening programs taking advantage of abundant endoscopic resources and superb expertise, including the use of serum pepsinogen (PG) tests, have succeeded in diagnosing the majority of gastric cancers in their early stages [4] . Screening programs have led to an overall 5-year survival rate for gastric cancer in Japan of 40-60% [5] . Such resources are not available in most Western countries. In South Korea, with some of the highest incidence and mortality rates in the world, biannual endoscopy is recommended for every subject over 40 years of age. Such a program is very expensive and logistically problematic. The article by Kwak et al. [6] from Seoul University and Bundang Hospital published in this issue examined the association between serum pepsinogen (PG) levels and gastric cancer in a large series of cases and controls. The efficacy of gastric cancer screening utilizing PG tests can be measured with two types of studies: (1) case-control studies; (2) prospective longitudinal studies of cancer-free populations, generally as part of health screening programs, which are less susceptible to bias than case-control studies.
Gastric cancer of the intestinal type is usually preceded by a decades-long precancerous process driven by Helicobacter pylori infection with well-defined successive lesions. In the advanced stages, they are characterized by glandular atrophy and intestinal metaplasia [7] . These changes involve loss of the original glands and result in decrease of the mass of chief cells of the gastric corpus, where PGI is produced. Loss of chief cells leads to lower PGI levels and PGI/PGII ratio in the peripheral blood. Samloff et al. [8] proposed that such tests could be considered a noninvasive ''serological biopsy,'' reflecting the functional status of the gastric mucosa. The atrophic/ metaplastic changes become more extensive with age. The extension of the atrophic changes is a good indicator of gastric cancer risk [9, 10] . Serum PG levels are therefore a key tool to be used in screening programs. The potential usefulness of serum PG tests has been documented in many countries such as Japan, China, Italy, Sweden, Finland, Portugal, Costa Rica, Mexico and others [4, [11] [12] [13] [14] [15] [16] [17] . However, such abundance of evidence in favor of its use has not resulted in generalized use of PG tests in identifying advanced gastric atrophy in gastric cancer screening and prevention [10, 18] .
The article by Kwak et al. [6] compares the results of the PG test with the histopathology index developed in a German population by Meining et al. [19] . This index was based on the comparison of lesions of the gastric mucosa in patients with gastric carcinoma as opposed to those seen in patients with duodenal ulcer. Gastric cancer patients display multifocal atrophic gastritis (MAG), a well-characterized nosological entity with foci of atrophy and metaplasia starting in the antrum-corpus junction and P. Correa (&) Division of Gastroenterology, Department of Medicine, Vanderbilt University School of Medicine, 2215 Garland Avenue 1030 MRB IV, Nashville, TN 37232-0252, USA e-mail: pelayo.correa@vanderbilt.edu extending with time to the neighboring mucosa of the antrum and the corpus [20] . By contrast, duodenal ulcer patients display chronic active non-atrophic gastritis (NAG) limited to the antrum, without gland loss, atrophy or metaplasia. MAG and NAG are mutually exclusive entities [21] . Therefore, Meining et al. were documenting lesions of two separate nosologic entities. It would then appear that the reported association between PG levels and Meining's index is coincidental and does not address the issue of detecting patients at high risk in the general population.
PG tests are not perfect. They are useful as screening tests for the detection of subjects at high risk of gastric cancer with atrophic gastritis, rather than for screening for cancer itself. They reflect the degree of atrophy of the gastric corpus mucosa but will not be of much value to evaluate atrophy limited to the gastric antrum mucosa, a frequent component of the gastric precancerous process. That explains the findings of normal PGI values in some patients with overt gastric carcinoma [22] . In addition, the serum PG method seems to be of higher value in predicting gastric cancer of the intestinal type than the diffuse type [23] . Most patients with intestinal-type gastric adenocarcinoma display advanced MAG, including atrophic changes extending to the corpus mucosa, reflected in low PGI levels. Several cut-off points have been used for the PG tests to evaluate gastric cancer risk: (a) PGI B 70 and PGI/ II ratio B 3.0, recommended by Miki et al. [3] and widely accepted in Japan, with a sensitivity of 77% and specificity of 73% [11] ; (b) PGI B 50 and PGI/II ratio B 3.0; and (c) PGI B 30 and PGI/II ratio B 2.0. The last cut-off points reflect the most severe atrophy and therefore the greater cancer risk, with a sensitivity of 37% and a specificity of 96% [14] .
Antral atrophy should be reflected in gastrin 17 (G17) serum levels because G17 is mainly secreted by antral glands. Published results are somewhat inconsistent and indicate that serum G17 as a marker of antral atrophy needs more evaluation [24] . G17 is unstable in serum, requires previous use of stabilizing solutions and previous protein food stimulation. If such technical difficulties are resolved, G17 could become a useful test of gastric antrum atrophy, a cancer precursor.
Summary and Future Directions
The study by Kwak et al. published in this issue shows the association between serum PG levels and gastric cancer in a Korean population. Prospective cohort studies including cancer-free populations with risk factors for gastric cancer are needed for evaluating the validity of PG tests in reducing the mortality by gastric cancer. PG testing of subjects suspected to be at high risk because of their age, family history, geographic origin or symptoms of epigastric discomfort could be useful. Detection of gastric cancer at an early stage is the only real hope of controlling this major health burden worldwide.
